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HIGH REPETITION RATE EXCIMER LASER SYSTEM 

RELATED APPLICATIONS 

[0001] This application claims the benefit of, and incorporates by reference, 
U. S. Provisional Application, Attorney Docl<et No. SP02-030P (Ser No. to be 
determined), filed February 13, 2002 entitled HIGH REPETITION RATE EXCIMER 
LASER SYSTEM, by M. Pell, C. M. Smith, R. W. Sparrow and P. M. Then. 
[0002] It also claims the benefit of, and incorporates by reference, 

U. S. Provisional Application, Serial Number 60/272,814, filed March 2, 2001 entitled 
HIGH REPETITION RATE UV EXCIMER LASER MAGNESIUM FLUORIDE 
OPTICS, by R. W. Sparrow. 

[0003] It also claims the benefit of, and incorporates by reference, co-filed U. 

S. Non-Provisional Application, Attorney Docket No. SP01-033B, entitled METHOD 
OF MAKING HIGH REPETITION RATE EXCIMER LASER CRYSTAL OPTICS AND 
UV<200NM TRANSMITTING OPTICAL FLUORIDE CRYSTAL, by S. L. Gray, M. 
Pell, C. M. Smith, R. W. Sparrow and P. M. Then. 

SUMMARY OF THE INVENTION 

[0004] The invention includes a high repetition rate (repetition rate > 4 kHz) 
fluoride excimer laser with magnesium fluoride laser optics for transmitting and 
controlling the UV A. photons produced by the laser. The magnesium fluoride high 
repetition rate UV excimer laser optics provide for improved reliability in the 
operation of > 4 kHz high repetition rate laser systems. The magnesium fluoride 
containing high repetition rate laser provides for the production of a high laser power 
(> lOmJ) output at a high repetition rate (> 4 kHz) for a long laser system operation 
time (>500 million pulses, preferably > 900 million pulses) with a magnesium fluoride 
laser optics reliability that avoids catastrophic damage of the laser optics and related 
catastrophic laser system failure. In a preferred embodiment the magnesium fluoride 
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laser optics are utilized in a UV X < 200 nm ArF excimer laser with a 4 kHz repetition 
rate and an output power of 10 mJ. 

[0005] The manufacture of semiconductor chips can be achieved using 
excimer lasers as a light source. Krypton Fluoride lasers with a wavelength of - 248 
nm were the first excimer lasers to be used. As the semi-conductor chip technology 
has evolved, lasers of higher energy and higher repetition rate are required. One 
such excimer laser is known as Argon Fluoride emitting at --193 nm. For various 
applications it is preferable to have such a laser with a repetition rate of 4 kHz. In 
both Krypton Fluoride lasers and Argon Fluoride lasers, the preferred optical material 
for windows, beamsplitters, output couplers and line narrowing prisms has been 
calcium fluoride. At high repetition rates such as 4 kHz it has been observed that the 
calcium fluoride chamber windows suffer catastrophic damage in a relatively short 
time scale [ less than 500 million pulses for a 4kHz, 193 nm ArF laser with an output 
power of lOmJ.] The damage to the window can be as severe as cracking but at a 
minimum results in wavefront distortion and increased birefringence. Changing of the 
windows results in an increased cost of operation of the laser and therefore 
increased cost of ownership for the chip manufacturer. 

[0006] Calcium fluoride is a cubic material, optically isotropic with excellent 

transmission in the VUV, UV, visible and IR parts of the spectrum. When calcium 
fluoride is illuminated with 193 nm laser light, the material emits photons in the near 
UV. The observed fluorescence in turn means energy is being absorbed. As the 
band gap of calcium fluoride is much larger than the energy of the laser photons it is 
surmised that there is a multi-photon absorption process. It is proposed that the 
center created by multi-photon absorption can itself absorb further photons and this 
can lead to heating and consequently material degradation. If the lifetime of the 
absorption center is sufficiently long then at 4kHz heating can occur whereas at 
lower repetition rates, heating may not be observed. 

[0007] Magnesium fluoride is a tetragonal material and therefore optically 
anisotropic. As such it has not been a favored material for lithographic lasers 
because of the importance of polarization within the manufacturing process. 
Magnesium fluoride has a wider bandgap and a lower quench temperature for self 
trapped excitonic emission. 
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[0008] The invention includes a > 4 kHz repetition rate argon fluoride excimer 

laser system for producing an UV wavelength 193nnri output. The ^ 4 kHz repetition 
rate argon fluoride excimer laser system includes an argon fluoride excimer laser 
chamber for producing a 193nm discharge at a pulse repetition rate > 4 kHz. . The > 
4 kHz repetition rate argon fluoride excimer laser chamber includes at least one 
magnesium fluoride crystal optic window for outputting the 193nm discharge as a > 4 
kHz repetition rate excimer laser 193nm output with the magnesium fluoride crystal 
optic window having a 255nm induced absorption less than 0.08 Abs/42mm when 
exposed to 5 million pulses of 193nm light at a fluence > 40mj/cm^/pulse and a 
42mm crystal 120nm transmission of at least 30%. 

[0009] The invention includes a > 4 kHz repetition rate excimer laser system 
for producing an UV wavelength A.<200nm output. The > 4 kHz repetition rate 
excimer laser system for producing an UV wavelength A,<200nm output includes 
[0010] an excimer laser chamber for producing an UV wavelength X<200nm 

discharge at a pulse repetition rate > 4 kHz. The excimer laser chamber includes at 
least one magnesium fluoride crystal optic window for outputting the X,<200nm 
discharge as a > 4 kHz repetition rate excimer laser X<200nm output with the 
magnesium fluoride crystal optic window having a 255nm induced absorption less 
than 0.08 Abs/42mm when exposed to 5 million pulses of 193nm light at a fluence > 
40mj/cm^/pulse and a 42mm crystal 120nm transmission of at least 30% and a 200 
to 210 nm range absorption coefficient < 0.0017 crn\ 

[0011] The invention includes a > 4 kHz repetition rate fluoride excimer laser 
magnesium fluoride crystal optic for transmitting a > 4 kHz repetition rate fluoride 
excimer UV wavelength X<200nm output. The > 4 kHz repetition rate fluoride 
excimer laser magnesium fluoride crystal has a 255nm induced absorption less than 
0.08 Abs/42mm when exposed to 5 million pulses of 193nm light at a fluence > 
40mj/cm^/pulse and a 42mm crystal 120nm transmission of at least 30%. 
[0012] The invention includes a > 4 kHz repetition rate fluoride excimer laser 
magnesium fluoride crystal optic window for transmitting a > 4 kHz repetition rate 
fluoride excimer UV wavelength ;\.<200nm output. The > 4 kHz repetition rate 
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fluoride excimer laser crystal optic window is comprised of a magnesium fluoride 
crystal with a 255nm induced absorption less than 0.08 Abs/42mm when exposed to 
5 million pulses of 193nm light at a fluence > 40mj/cm^/pulse and a 42mm crystal 
120nm transmission of at least 30% and a 200 to 210 nm range absorption 
coefficient < 0.0017 cm'\ 

[0013] The invention includes a > 4 kHz repetition rate argon fluoride excimer 
laser crystal optic for transmitting an UV wavelength 193nm argon fluoride excimer 
laser > 4 kHz repetition rate output with the laser crystal optic comprised of a 
magnesium fluoride crystal with a 255nm induced absorption less than 0.08 
Abs/42mm when exposed to 5 million pulses of 193nm light at a fluence > 
40mj/cm^/pulse and a 42mm crystal 120nm transmission of at least 30% . 
[0014] The invention includes a ?i<200nm optical fluoride crystal for 
transmitting, a UV wavelength X<<200nm with the X<200nm optical fluoride crystal 
comprised of a magnesium fluoride crystal with a 255nm induced absorption less 
than 0.08 Abs/42mm when exposed to 5 million pulses of 193nm light at a fluence > 
40mj7cm^/pulseand a 42mm crystal 120nm transmission of at least 30% and a Fe 
contamination level less than 0.17 ppm Fe by weight, a chrome contamination level 
less than 00.08 ppm chrome by weight, a copper contamination level less than 0.04 
ppm copper by weight, a cobalt contamination level less than 0.04 ppm cobalt by 
weight, an Al contamination level less than 0.9 ppm Al by weight, a nickel 
contamination level less than 0.04 ppm nickel by weight, a vanadium contamination 
level less than 0.04 ppm vanadium by weight, and a lead contamination level less 
than 0.04 ppm lead by weight and a 200 to 210 nm range absorption coefficient < 
0.0017 cm'V Preferably the Fe contamination level is less than 0.15 ppm Fe by 
weight, the chrome contamination level is less than 0.06 ppm chrome by weight, the 
copper contamination level is less than 0,02 ppm copper by weight, the cobalt 
contamination level is less than 0.02 ppm cobalt by weight, the Al contamination 
level is less than 0.7 ppm Al by weight, the nickel contamination level is less than 
0.02 ppm nickel by weight, the vanadium contamination level is less than 0.02 ppm 
vanadium by weight, and the lead contamination level is less than 0.02 ppm lead by 
weight. 
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[0015] The invention includes a > 4 kHz repetition rate argon fluoride excimer 

laser crystal for transmitting an UV wavelength 193nm argon fluoride excinner laser > 

4 kHz repetition rate output with the laser crystal comprised a magnesium fluoride 
crystal with a 255nm induced absorption less than 0.08 Abs/42mm when exposed to 

5 million pulses of 193nm light at a fluence > 40mj/cm^/pulse and a 42mm crystal 
120nm transmission of at least 30% and a Fe contamination level less than 0.17 
ppm Fe by weight, a chrome contamination level less than 00.08 ppm chrome by 
weight, a copper contamination level less than 0.04 ppm copper by weight, a cobalt 
contamination level less than 0.04 ppm cobalt by weight, an Al contamination level 
less than 0.9 ppm Al by weight, a nickel contamination level less than 0.04 ppm 
nickel by weight, a vanadium contamination level less than 0.04 ppm vanadium by 
weight, and a lead contamination level less than 0.04 ppm lead by weight. Preferably 
the Fe contamination level is less than 0.15 ppm Fe by weight, the chrome 
contamination level is less than 0.06 ppm chrome by weight, the copper 
contamination level is less than 0.02 ppm copper by weight, the cobalt contamination 
level is less than 0.02 ppm cobalt by weight, the Al contamination level is less than 
0.7 ppm Al by weight, the nickel contamination level is less than 0.02 ppm nickel by 
weight, the vanadium contamination level is less than 0.02 ppm vanadium by weight, 
and the lead contamination level is less than 0.02 ppm lead by weight. 

[0016] The invention includes magnesium fluoride crystal optics in 4kHz 

lithographic, '-193nm (centered about 193nm) excimer lasers with the magnesium 
fluoride crystals suitably oriented to minimize the effects of the intrinsic birefringence 
of magnesium fluoride. The magnesium fluoride crystal optics 4kHz lithographic 
193nm excimer laser provide the benefits of longer lifetime and improved 
performance of the optics leading to a reduced cost of ownership of the laser. FIG. 1 
shows a lithographic excimer laser system in accordance with the invention with 
magnesium fluoride crystal laser chamber windows 20 and magnesium fluoride 
crystal line narrowing module beam expanding prisms 30. FIG. 2 shows an excimer 
laser chamber in accordance with the invention with magnesium fluoride crystal laser 
chamber windows 20. 

[0017] Additional features and advantages of the invention will be set forth in 
the detailed description which follows, and in part will be readily apparent to those 
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skilled in the art from the description or recognized by practicing the invention as 
described in the written description and claims hereof, as well as the appended 
drawings. 

[0018] It is to be understood that both the foregoing general description and 
the following detailed description are merely exemplary of the invention, and are 
intended to provide an overview or framework to understanding the nature and 
character of the invention as it is claimed. 

[0019] The accompanying drawings are included to provide a further 
understanding of the invention, and are incorporated in and constitute a part of this 
specification. The drawings illustrate one or more embodiment(s) of the invention, 
and together with the description serve to explain the principles and operation of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 showembodiment of the invention. 
FIG. 2 show embodiment of the invention. 
FIG. 3 show embodiment of the invention. 
FIG. 4-8 shows VUV/UV plots of magnesium fluoride crystals in 
with the invention. 

DETAILED DESCRIPTION 

[0024] The invention includes a > 4 kHz repetition rate argon fluoride excimer 

laser system for producing an UV wavelength 193nm output. The high repetition 
rate argon fluoride (ArF) laser system utilizes at least one highly qualified 
magnesium fluoride excimer laser crystal optic for transmitting and controlling the 
193nm photon pulses produced at a repetition rate of at least four kilohertz. The 
magnesium fluoride crystal optic argon fluoride laser system provides for the 
production of a high laser power (> 10m J) output at a high repetition rate (> 4 kHz) 
for a long laser system operation time greater than 500 million pulses with the 
magnesium fluoride crystal optics resistant to damage from the high repetition rate 
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193nm pulses and avoidance of catastrophic laser system failure. The > 4 kHz 
repetition rate argon fluoride excimer laser system comprises an argon fluoride 
excimer laser chamber for producing a 193 nm discharge at a pulse repetition rate > 
4 kHz. The excimer laser chamber includes at least one magnesium fluoride crystal 
optic window for outputting the 193 nm discharge as a > 4 kHz repetition rate 
excimer laser 193 nm output with the magnesium fluoride crystal optic window 
having a 255 nm induced absorption less than 0.08 Abs/42mm when exposed to 5 
million pulses of 193nm light at a fluence > 40mj/cm^/pulse at a repetition rate of 
200Hz and an unexposed 42mm crystal 120nm measured transmission of at least 
M 30%. The unexposed 42mm crystal 120nm measured transmission of at least 30% is 
p the 120nm measured transmission of the magnesium fluoride crystal before 
?i exposure to 193nm excimer laser light pulses. The magnesium fluoride crystal has a 

4* 120nm measured transmission such that at least 30% of 120nm light that impinges 

Oil 

yi on a first optical surface and travels through a 42 mm length of the crystal (42mm 

l,^ crystal path length transmission) is transmitted through a second opposing optical 

y surface. Preferably the magnesium fluoride crystal optic's 42 mm crystal 120 nm 

£1 

|,-: measured transmission is at least 35%, more preferably at least 40% and most 

preferably at least 45%. Embodiments of the > 4 kHz repetition rate argon fluoride 
excimer laser system are shown in FIG. 1-2. 

[0025] In FIG. 1 , the argon fluoride excimer laser chamber 22 includes two 

magnesium fluoride crystal optic windows 20 for outputting the 193 nm discharge 
produced in laser chamber 22 at a repetition rate of at least 4 kHz. The excimer 
laser chamber 22 produces a > 4 kHz repetition rate excimer laser 193 nm output 24 
outputted through magnesium fluoride crystal laser chamber window 20. 
Magnesium fluoride crystal laser chamber windows 20 have a 255 nm induced 
absorption less than 0.08 Abs/42mm when exposed to 5 million pulses of 193 nm 
light at a fluence > 40 mj/cm^/pulse. Magnesium fluoride crystal laser chamber 
windows 20 have a 42 mm crystal 120 nm transmission of at least 30%. In FIG. 2, 
argon fluoride excimer laser chamber 22 includes two opposing magnesium fluoride 
crystal laser chamber windows 20 which have a 42 mm crystal 120 nm transmission 
of at least 30% and a 255 nm induced absorption less than 0.08 Abs/42mm when 
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exposed to 5 million pulses of 193 nm light at a fluence of at least 40 mj/cm^/pulse. 
In FIG. 3, the argon fluoride excimer laser chamber 22 includes two fluoride crystal 
laser chamber windows 20 which have a 42 mm crystal 120 nm transmission of at 
least 30% and a 255 nm induced absorption less than 0.08 Abs/42mm when 
exposed to 5 million pulses of 193 nm light at a fluence of at least 40 mj/cm^/pulse. 
[0026] Preferably, magnesium fluoride crystal optic window 20 has a Fe 
contamination level less than 0.15 ppm Fe by weight. Preferably magnesium 
fluoride crystal optic window 20 has a chrome contamination level less than 0.06 
ppm chrome by weight. Preferably magnesium fluoride crystal optic window 20 has a 
copper contamination level less than 0.02 ppm copper by weight. Preferably 
magnesium fluoride crystal optic window 20 has a cobalt contamination level less 
than 0.02 ppm cobalt by weight. Preferably magnesium fluoride crystal optic window 
20 has a Al contamination level less than 0.7 ppm Al by weight. Preferably 
magnesium fluoride crystal optic window 20 has a nickel contamination level less 
than 0.02 ppm nickel by weight. Preferably magnesium fluoride crystal optic window 
20 has a vanadium contamination level less than 0.02 ppm vanadium by weight. 
Preferably magnesium fluoride crystal optic window 20 has a lead contamination 
level less than 0.02 ppm lead by weight. Preferably the magnesium fluoride crystal 
optic window 20 is of high purity with low contamination levels and has a c axis 
grown magnesium fluoride crystallographic orientation in that the magnesium fluoride 
crystal is gown on a c axis oriented seed crystal. Preferably the magnesium fluoride 
crystal optic window 20 has a low lead contamination level with a 200 to 210 range 
absorption coefficient < 0.0017 cm"\ with such internal transmission absorption 
measurements performed through at least 1 cm of bulk crystal, more preferably at 
least 4 cm of bulk crystal. More preferably the magnesium fluoride crystal optic 
window 20 has a 203 to 207 nm range absorption coefficient less than 0.001 7cm"\ 
most preferably a 205 nm absorption coefficient less than 0.0017 cm"\ 
[0027] In an embodiment of the invention, the > 4 kHz repetition rate argon 
fluoride laser system includes a magnesium fluoride crystal optic prism. The 
magnesium fluoride crystal optic prism is external from the excimer laser chamber 
with the > 4 kHz repetition rate excimer laser 193 nm output transmitted through the 
prism. The magnesium fluoride crystal optic prism has a 255 nm induced absorption 
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less than 0.08 Abs/42mm when exposed to 5 million pulses of 193 nm light at a 
fluence > 40 mj/cm^ and a 42 mm crystal 120 nm transmission of at least 30%, 
Preferably the 42 mm crystal 120 nm transmission is at least 35%, more preferably 
at least 40%, and most preferably at least 45%. FIG. 1 shows an embodiment with 
three magnesium fluoride crystal optic prisms 30 which transmit and control the 193 
nm photons outputted from laser chamber 22 through magnesium fluoride crystal 
optic window 20. Magnesium fluoride crystal optic prisms 30 are > 4kHz repetition 
rate excimer laser magnesium fluoride crystal line narrowing module beam 
expanding prisms which have a 255 nm induced absorption less than 0.08 
Abs/42mm when exposed to 5 million pulses at 193 nm light at a fluence > 40 mj/cm^ 
and a 42 mm crystal 120 nm transmission of at least 30%. Preferably magnesium 
fluoride crystal optic prisms 30 have a 200 to 210 nm range absorption coefficient < 
0.0017 cm"\ more preferably a 203 to 207 nm range absorption coefficient < 0.0017 
cm"\ and most preferably a 205 nm absorption coefficient < 0.001 7cm"\ Preferably 
the > 4 kHz repetition rate excimer laser 193 nm output is transmitted through prisms 
30 substantially parallel to a c axis of the magnesium fluoride crystal optic prism with 
the 193 nm light rays substantially parallel with the magnesium fluoride crystal c axis. 
Preferably magnesium fluoride crystal optic prism 30 has a c axis grown magnesium 
fluoride crystallographic orientation with the magnesium fluoride crystal grown on a c 
axis oriented seed crystal. Preferably magnesium fluoride crystal optic prism 30 has 
contamination levels of a Fe contamination level less than 0.15 ppm Fe by weight, a 
chrome contamination level less than 0.06 ppm chrome by weight, a copper 
contamination level less than 0.02 ppm copper by weight, a cobalt contamination 
level less than 0.02 ppm cobalt by weight, an Al contamination level less than 0.7 
ppm Al by weight, a nickel contamination level less than 0.02 ppm nickel by weight, 
a vanadium contamination level less than 0.02 ppm vanadium by weight, and a lead 
contamination level less than 0.02 ppm lead by weight. 

[0028] In a preferred embodiment, magnesium fluoride crystal laser chamber 
window 20 has a flat planar window face oriented normal to the c axis of the 
magnesium fluoride crystal. As shown in FIG. 1-2, flat planar window faces 26 of 
chamber windows 20 are substantially normal to the magnesium fluoride crystal c 
axis crystallographic orientation, with the outputted 193 nm excimer laser light rays 
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substantially parallel to the crystal c axis. In an alternatively preferred embodiment, 
magnesium fluoride crystal laser chamber window 20 has a flat planar window face 
oriented nonnormal to the c axis of the magnesium fluoride crystal. As shown in 
FIG. 3, flat planar window faces 28 of chamber windows 20 are nonnormal to the 
magnesium fluoride crystal c axis crystallographic orientation, with the outputted 193 
nm excimer laser light rays outputted from excimer laser chamber 22 substantially 
parallel to the crystal c axis. In a particularly preferred embodiment, the nonnormal 
oriented flat planar window face 28 forms an angle of about 56° (56*" ± 2'') with the c 
axis of the crystal. 

[0029] The invention includes a > 4 kHz repetition rate fluoride excimer laser 

system for producing an UV wavelength X < 200 nm output. The > 4 kHz repetition 
rate fluoride excimer laser system for producing a A, < 200 nm output includes an 
excimer laser chamber 22. The excimer laser chamber 22 produces a UV 
wavelength X < 200 nm discharge 24 at a pulse repetition rate > 4 kHz and includes 
at least one magnesium fluoride crystal optic window 20 for outputting the X < 200 
nm discharge as a > 4 kHz repetition rate excimer laser X < 200 nm output. The 
magnesium fluoride crystal optic window 20 has a 255 nm induced absorption less 
than 0.08 Abs/42mm when exposed to 5 million pulses of 193 nm light at a fluence > 
40 mj/cm^ and a 42 mm crystal 120 nm transmission of at least 30% and a 200 to 
210 nm range absorption coefficient < 0.0017 cm"\ Preferably the 42 mm crystal 
120 nm transmission crystal is at least 35%. and more preferably at least 40%. In a 
preferred embodiment X is centered about 193 nm. Preferably magnesium fluoride 
crystal optic window 20 has a Fe contamination level less than 0.15 ppm Fe by 
weight, a chrome contamination level less than 0.06 ppm chrome by weight, a 
copper contamination level less than 0.02 ppm copper by weight, a cobalt 
contamination level less than 0.02 ppm cobalt by weight, an Al contamination level 
less than 0.7 ppm Al by weight, a nickel contamination level less than 0.02 ppm 
nickel by weight, a vanadium contamination level less than 0.02 ppm vanadium by 
weight, and a lead contamination level less than 0.02 ppm lead by weight. 
Preferably magnesium fluoride crystal optic window 20 has a 203 to 207 nm range 
absorption coefficient < 0.0017 cm'\ Preferably the 203 to 207 nm range absorption 
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coefficient is measured through at least 1 cm of crystal, and more preferably at least 
4 cm of crystal. Preferably magnesium fluoride crystal optic window 20 has a 205 
nm absorption coefficient < 0.0017 cm ^ 

[0030] Preferably the > 4 kHz repetition rate fluoride excimer laser system for 

producing an UV wavelength X < 200 nm output includes a magnesium fluoride 
crystal optic prism 30 external from the excimer laser chamber 22 wherein the > 4 
kHz repetition rate excimer laser X < 200 nm output is transmitted through the 
magnesium fluoride crystal optic prism 30 with the prism 30 having a 255 nm 
induced absorption less than 0.08 Abs/42mm when exposed to 5 million pulses of 
193 nm light at a fluence > 40 mj/cm^ and a 42 mm crystal 120 nm transmission of at 
least 30%. Preferably magnesium fluoride crystal optic prism 30 has a 42 mm 
crystal 120 nm transmission of at least 35% and more preferably at least 40%. 
Preferably the magnesium fluoride crystal optic prism 30 has a 200 to 210 nm range 
absorption coefficient < 0.0017 cm'^ through at least 1 cm of crystal and more 
preferably through at least 4 cm of crystal. Preferably the prism 30 has a 203 to 207 
nm range absorption coefficient < 0.0017 cm"^ and more preferably a 205 nm 
absorption coefficient < 0.0017 cm \ 

[0031] The invention includes a > 4 kHz repetition rate fluoride excimer laser 
crystal optic for transmitting a > 4 kHz repetition rate fluoride excimer UV wavelength 
X < 200 nm output. The > 4 kHz repetition rate < 200 fluoride excimer laser crystal 
optic is comprised of a magnesium fluoride crystal with a 255 nm induced absorption 
less than 0.08 Abs/42mm when exposed to 5 million pulses of 193 nm light at a 
fluence > 40 mj/cm^ and has a 42 mm crystal 120 nm transmission of at least 30%. 
Preferably X. is centered about 193 nm. Preferably the > 4 kHz repetition rate fluoride 
excimer laser crystal optic has a 42 mm crystal 120 nm transmission of at least 35%, 
more preferably at least 40% and most preferably at least 45%. Preferably the > 4 
kHz repetition rate fluoride excimer laser crystal optic has a Fe contamination level 
less than 0.15 ppm Fe by weight. Preferably the > 4 kHz repetition rate fluoride 
excimer laser crystal optic has a chrome contamination level less than 0.06 ppm 
chrome by weight. Preferably the > 4 kHz repetition rate fluoride excimer laser crystal 
optic has a copper contamination level less than 0.02 ppm copper by weight. 
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Preferably the > 4 kHz repetition rate fluoride excimer laser crystal optic has a cobalt 
contamination level less than 0.02 ppm cobalt by weight. Preferably the > 4 kHz 
repetition rate fluoride excimer laser crystal optic has a Al contamination level less 
than 0.7 ppm Al by weight. Preferably the > 4 kHz repetition rate fluoride excimer 
laser crystal optic has a nickel contamination level less than 0.02 ppm nickel by 
weight. Preferably the > 4 kHz repetition rate fluoride excimer laser crystal optic has 
a vanadium contamination level less than 0.02 ppm vanadium by weight. Preferably 
the > 4 kHz repetition rate fluoride excimer laser crystal optic has a lead 
contamination level less than 0.02 ppm lead by weight. Preferably the > 4 kHz 
repetition rate fluoride excimer laser magnesium fluoride crystal optic has a c axis 
grown magnesium fluoride crystallographic orientation with the magnesium fluoride 
crystal grown on a c axis oriented seed crystal. In an embodiment the > 4 kHz 
repetition rate fluoride excimer laser magnesium fluoride crystal optic has a flat 
planar window face oriented normal to a c axis of the magnesium fluoride crystal with 
outputted < 200 nm light rays substantially parallel to the crystal c axis. In an 
alternative embodiment the > 4 kHz repetition rate fluoride excimer laser magnesium 
fluoride crystal optic has a flat planar face oriented nonnormal to a c axis of the 
magnesium fluoride crystal with outputted < 200 nm light rays substantially parallel to 
the crystal c axis. Preferably the > 4 kHz repetition rate fluoride excimer laser crystal 
optic magnesium fluoride has a 200 to 210 nm range absorption coefficient < 0.0017 
cm"^ measured through at least 1 cm of crystal, and more preferably at least 4 cm of 
crystal. More preferably magnesium fluoride > 4 kHz repetition rate laser optic has a 
203 to 207 nm range absorption coefficient < 0.0017 cm"\ and more preferred a 205 
nm absorption coefficient < 0.0017 cm"\ 

[0032] The invention includes a > 4 kHz repetition rate fluoride excimer laser 
crystal optic window for transmitting a > 4 kHz repetition rate fluoride excimer UV 
wavelength X < 200 nm output comprised of a magnesium fluoride crystal with a 255 
nm induced absorption less than 0.08 Abs/42mm when exposed to 5 million pulses 
of 193 nm light at a fluence > 40 mj/cm^ and a 42 mm crystal 120 nm transmission of 
at least 30% and a 200 to 210 nm absorption coefficient < 0.0017 cm \ In an 
embodiment k is centered about 193 nm. In an embodiment X is centered about 157 
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nm. Preferably the > 4 kHz repetition rate magnesium fluoride crystal optic window 
has a 42 mm crystal 120 nm transmission of at least 35%, and more preferably at 
least 40%. Preferably the > 4 kHz repetition rate magnesium fluoride crystal optic 
window has a 200 to 210 nm range absorption coefficient < 0.0017 cm"^ through at 
least 1 cm of crystal, more preferably through at least 4 cm of crystal. More 
preferably the optic window has a 203 to 207 nm range absorption coefficient < 
0.0017 cm'\ most preferably a 205 nm absorption coefficient < 0.0017 cm"V 
Preferably magnesium fluoride crystal optic window has contamination levels of a Fe 
contamination level less than 0.15 ppm Fe by weight, a chrome contamination level 
less than 0.06 ppm chrome by weight, a copper contamination level less than 0.02 
ppm copper by weight, a cobalt contamination level less than 0.02 ppm cobalt by 

S3 weight, an Al contamination level less than 0.7 ppm Al by weight, a nickel 

\} 

^« contamination level less than 0.02 ppm nickel by weight, a vanadium contamination 

P level less than 0.02 ppm vanadium by weight, and a lead contamination level less 

s than 0.02 ppm lead by weight. 



[0033] The invention includes a > 4 kHz repetition rate argon fluoride excimer 
p laser crystal optic for transmitting an UV wavelength 193nm argon fluoride excimer 
;;i laser > 4 kHz repetition rate output with the laser crystal optic comprised of a 



magnesium fluoride crystal with a 255nm induced absorption less than 0.08 
Abs/42mm when exposed to 5 million pulses of 193nm light at a fluence > 
40mj/cm^/pulseand a 42mm crystal 120nm transmission of at least 30% . Preferably 
the magnesium fluoride has a 200 to 210 nm range absorption coefficient < 0.0017 
cm"^ measured through at least 1 cm of crystal, and more preferably at least 4 cm of 
crystal. More preferably the magnesium fluoride has a 203 to 207 nm range 
absorption coefficient < 0.0017 cm'\ and more preferred a 205 nm absorption 
coefficient < 0.0017 cm'\ Preferably magnesium fluoride crystal has contamination 
levels of a Fe contamination level less than 0.15 ppm Fe by weight, a chrome 
contamination level less than 0.06 ppm chrome by weight, a copper contamination 
level less than 0.02 ppm copper by weight, a cobalt contamination level less than 
0.02 ppm cobalt by weight, an Al contamination level less than 0.7 ppm Al by weight, 
a nickel contamination level less than 0.02 ppm nickel by weight, a vanadium 
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contamination level less than 0.02 ppm vanadium by weight, and a lead 
contamination level less than 0.02 ppm lead by weight. 
[0034] The invention includes a A<200nm optical fluoride crystal for 
transmitting a UV wavelength ?i<200nm with the A-<200nm optical fluoride crystal 
comprised of a magnesium fluoride crystal with a 255nm induced absorption less 
than 0,08 Abs/42mm when exposed to 5 million pulses of 193nm light at a fluence > 
40mj/cm^/pulseand a 42mm crystal 120nm transmission of at least 30% and a Fe 
contamination level less than 0.17 ppm Fe by weight, a chrome contamination level 
less than 00.08 ppm chrome by weight, a copper contamination level less than 0.04 
ppm copper by weight, a cobalt contamination level less than 0.04 ppm cobalt by 
weight, an A! contamination level less than 0.9 ppm Al by weight, a nickel 
contamination level less than 0.04 ppm nickel by weight, a vanadium contamination 
level less than 0.04 ppm vanadium by weight, and a lead contamination level less 
than 0.04 ppm lead by weight and a 200 to 210 nm range absorption coefficient < 
0.0017 cm'\ Preferably the Fe contamination level is less than 0.15 ppm Fe by 
weight, the chrome contamination level is less than 0.06 ppm chrome by weight, the 
copper contamination level is less than 0.02 ppm copper by weight, the cobalt 
contamination level is less than 0.02 ppm cobalt by weight, the Al contamination 
level is less than 0.7 ppm Al by weight, the nickel contamination level is less than 
0.02 ppm nickel by weight, the vanadium contamination level is less than 0.02 ppm 
vanadium by weight, and the lead contamination level is less than 0.02 ppm lead by 
weight. More preferably the magnesium fluoride has a 203 to 207 nm range 
absorption coefficient < 0.0017 cm'\ and more preferred a 205 nm absorption 
coefficient < 0.0017 cm \ 

[0035] The invention includes a > 4 kHz repetition rate argon fluoride excimer 
laser crystal for transmitting an UV wavelength 193nm argon fluoride excimer laser > 

4 kHz repetition rate output with the laser crystal comprised a magnesium fluoride 
crystal with a 255nm induced absorption less than 0.08 Abs/42mm when exposed to 

5 million pulses of 193nm light at a fluence > 40mj/cm^/pulseand a 42mm crystal 
120nm transmission of at least 30% and a Fe contamination level less than 0.17 
ppm Fe by weight, a chrome contamination level less than 00.08 ppm chrome by 
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weight, a copper contamination level less than 0.04 ppm copper by weight, a cobalt 
contamination level less than 0.04 ppm cobalt by weight, an A! contamination level 
less than 0.9 ppm Al by weight, a nickel contamination level less than 0.04 ppm 
nickel by weight, a vanadium contamination level less than 0.04 ppm vanadium by 
weight, and a lead contamination level less than 0.04 ppm lead by weight. Preferably 
the Fe contamination level is less than 0.15 ppm Fe by weight, the chrome 
contamination level is less than 0.06 ppm chrome by weight, the copper 
contamination level is less than 0.02 ppm copper by weight, the cobalt contamination 
level is less than 0.02 ppm cobalt by weight, the Al contamination level is less than 
0.7 ppm Al by weight, the nickel contamination level is less than 0.02 ppm nickel by 
weight, the vanadium contamination level is less than 0.02 ppm vanadium by weight, 
and the lead contamination level is less than 0.02 ppm lead by weight. Preferably the 
magnesium fluoride has a 200 to 210 nm range absorption coefficient < 0.0017 cm''' 
measured through at least 1 cm of crystal, and more preferably at least 4 cm of 
crystal. More preferably the magnesium fluoride has a 203 to 207 nm range 
absorption coefficient < 0.0017 cm"\ and more preferred a 205 nm absorption 
coefficient < 0.0017 cm'\ 

[0036] Magnesium Fluoride Crystal Chemical Analysis of contaminants (ppm 
by weight) 



Element 






Ag 




<0.02 


Al 




0.6448 


As 




<0.1 


Au 




<0.02 


Ba 




0.1811 


Be 




<0.02 


Bi 




<0.02 


Ca 




<1 


Cd 




<0.02 


Ce 




<0.02 


Co 




<0.02 


Cr 




0.0536 


Cs 




<0.02 


Cu 




<0.02 


Dy 




<0.02 


Er 




<0.02 
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3 5*1 



Eu 




<0.02 


Fe 




0.1429 


Ga 




<0.1 


Gd 




<0.02 


Ge 




<0.1 


Hf 




<0.02 


Hg 




<0.02 


Ho 




<0.02 


In 




<0.02 


Ir 




<0.02 


K 




<0.1 


La 




<0.02 


Li 




<0.02 


Lu 




<0 02 


ivin 




n ni7i 

U.U 1 / 1 


nno 




no 


Na 




<0.1 


Nb 




r\ r\o H "7 
0.0317 


Nd 




n AO 

<0.0z 


Ni 




^ A AO 

<0.02 


US 




--'A AO 


P 




<0.1 


Pb 




A A ^ C -1 

O.OIOi 


Pel 




^A AO 


Pr 




AO 


Pt 




-"A AO 


Kb 




^ A AO 

<0.0z 


Re 




^ A AO 


Rh 




^ A AO 

<0.02 


Ru 




^ A AO 

<0.02 


Sb 




^ A AO 

<0.02 


Sc 




^ A AO 

<0.02 


Se 




^ A AO 

<0.02 


Sm 




^ A AO 

<0.02 


Sn 




A AO 

<0.02 


Sr 




A A <i AO 

0.0193 


Ta 




A >l OO >l 

0.4234 


ID 




<0.02 


1 e 






Th 




<0.02 


Ti 




<0.1 


Tl 




<0.02 


Tm 




<0.02 


U 




<0.02 


V 




<0.02 


W 




<0.02 
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Y 




<0.02 


Yb 




<0.02 


Zn 




0.0969 


Zr 




<0.1 



[0037] Preferably the lead contamination level is < .015 ppm by weight. 

Preferably the aluminum contamination level is < .65 ppm by weight. Preferably the 
iron contamination level is < .143 ppm by weight. 

[0038] It will be apparent to those skilled in the art that various modifications 
and variations can be made to the present invention without departing from the spirit 
g^., or scope of the invention. Thus, it is intended that the present invention cover the 
p modifications and variations of this invention provided they come within the scope of 
m the appended claims and their equivalents 
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